Washed rubber particles isolated from stem homogenates of Parthenium argentatum Gray by ultracentrifugation and gel filtration on columns of LKB Ultrogel AcA34 contain rubber transferase which catalyzes the polymerization of isopentenyl pyrophosphate into rubber polymer. The polymerization reaction requires Mg2+
monomers into a rubber polymer in isolated rubber particles from Hevea brasiliensis. This work establishes a particulate system to study the enzyme or enzyme complex catalyzing chain initiation, chain elongation, and termination of the polymerization reaction. The incorporation of [ ceeded by the repeated additions of IPP to DMAPP or other allylic-PP initiators, such as geranyl pyrophosphate, farnesyl pyrophosphate, or geranylgeranyl pyrophosphate. Chain extension in these preparations may be similar to the chain elongating reaction described years earlier (3, 4) , but there has been no unequivocal demonstration of the isolation of a soluble elongating enzyme separate from the bound rubber transferase in the WRP. Chain termination may involve the hydrolysis of the rubber pyrophosphate by a pyrophosphatase (15) . Tanaka et al. (15) have proposed the following structure for Hevea rubber based on 'H and '3C-NMR analyses: 3HC 3HC H w-terminal-(CH,-C= C -CH-)2+4-(CH2-C C -CH2-)n-a-terminal.
H
The arrangement of isoprene units along the polymer chain was determined to be an a-terminal unit, 2 to 4 trans units, a long sequence of cis units, and an a-terminal unit. The enzymatic synthesis of rubber polymer from geranylgeranyl pyrophosphate initiator in WRP preparations ofHevea would form polyisoprene with a similar structure (7, 8) .
We have shown that a bound rubber transferase is present in WRP from guayule (Parthenium argentatum Gray) (14) . The present paper is a further study of the enzymatic polymerization reaction. Measurements of the rate of the in vitro synthesis of rubber polymer in the WRP showed that over 90% of the synthesis of polyisoprene was de novo from an allylic-PP initiator and IPP monomers. The enzyme(s) catalyzing the polymerization reaction in the WRP was solubilized by treating the WRP with detergents and the solubilized preparation formed high mol wt rubber polymer from allylic-PP, Mg2+, and IPP.
MATERIALS AND METHODS

Chemicals
The procedures outlined by Davisson et al. (12) (10) . The compounds were detected by spraying the paper with 1% sulfosalicylic acid in 60% ethanol followed by drying the paper and spraying with 0.2% ferric chloride in 80% ethanol (12) 150 ,uL. The reaction mixture was incubated at 25°C for 60 min. The reaction was stopped by the addition of 0.5 mL absolute ethanol. The precipitated ['4C] polyisoprene was extracted with hexane until no further radioactivity was extracted with this solvent. The hexane extracts were combined and reduced to a small volume with a stream of N2. Twenty mg of nonradioactive carrier guayule rubber dissolved in hexane was added to the hexane extract containing radioactive rubber. The total rubber in the hexane extract was precipitated with three volumes of acetone. The mixture was centrifuged at 9000g for 20 min and the resulting pellet was washed with acetone until the acetone was free of radioactivity. Traces of acetone in the rubber pellet were removed with N2, the rubber dissolved overnight in 4.0 mL toluene and an aliquot assayed for radioactivity in an LS-7500 Beckman scintillation spectrometer. GPC of the ['4C]polyisoprene showed over 95% of the radioactivity in the toluene extract was recovered in the '4C-rubber polymer fractions.
GPC
The enzymatically synthesized ['4C]polyisoprene was chromatographed on three linear columns of 1 x 106 A to 500 A Ultrastyragel with toluene at a flow rate of 1 mL min-' at 40°C in a Waters 1 50C Gel Permeation Chromatograph by a previously described procedure ( 14) .
The GPC column system was calibrated with cis-polyisoprene mol wt standards. Each standard was dissolved in toluene containing 0.1% butylated hydroxytoluene and filtered through a 0.45 Mm Teflon filter prior to chromatography. Each standard was chromatographed in triplicate and the mean retention time was entered into the calibration method of Waters' computer program to calculate a calibration curve. The calibration curve was used to calculate the ML of the rubber polymers.
Solubilization of Rubber Transferase from WRP
The WRP were suspended in a 1% solution of Triton X-100, n-octyl-f3-D-glucopyranoside or Chaps for 4 h at 4°C with gentle stirring. The detergent treated WRP suspension was centrifuged at 240,000g for 1 h in a Beckman L8-55M Ultracentrifuge and the soluble supernatant fraction and the top layer of WRP were assayed for rubber transferase activity. Five mL of the supernatant fraction from the Chaps treated WRP were layered on a LKIB Ultrogel AcA34 column of 2.7 cm x 45 cm which had been previously equilibrated with 0.25 M Tris-HCl buffer (pH 8.0) containing 5 mm GSH and 0.5% Chaps. The protein was eluted from the column with this buffer at a flow rate of 1 mL min-' and the eluate was collected in 2.0 mL fractions. All of the fractions were assayed for protein by the Bradford (1 1) method and the fractions containing protein were assayed for rubber transferase activity.
SDS-PAGE
The WRP solubilized preparation which had been chromatographed on LKB Ultrogel was prepared for SDS-PAGE by the following procedure. The protein was precipitated with cold acetone for 20 h at 4°C. The precipitated protein was collected by centrifugation at 8000g for 10 min and the protein pellet was washed with cold acetone to remove any lipid material. The protein pellet was then washed with hexane to remove any polyisoprene. The pellet was suspended in a 1:1 ratio of SDS-buffer and sample buffer and heated at 95°C for 5 min. The denatured proteins were separated on a 12.5% acrylamide resolving gel using the buffers described by Laemmli (13) . The protein gels were stained with Coomassie blue.
RESULTS
The results in Table I Figure   3 show that the rate of the rubber transferase in the WRP suspension at saturating concentrations of DMAPP, IPP, and Mg2+ in linear for 3 h at 25°C. The data in Figure 4 show the results of the chromatography of the enzymatically synthesized '4C-rubber polymers on linear columns of Ultra- The data in Table II show the effect of various detergents on the solubilization of the rubber transferase activity from the WRP. In the control treatments, 96% of the transferase activity was recovered in the rubber particles from the top layer of the centrifuge tube. Treating with WRP with Triton X-100 or n-octyl-3-D-glucopyranoside inhibited the transferase activity. In contrast, 93% of the transferase activity was recovered in the soluble supernatant fraction after treating WRP with Chaps. The data in Figure 5 show the results of the chromatography of the soluble supernatant fraction from the Chaps treated WRP on a column of LKB Ultrogel AcA34. The majority of the rubber transferase activity which was placed on the column was recovered in fractions 72 to 85. The small amount of rubber transferase activity in fractions 32 to 34 may correspond to the elution of intact WRP in the void volume of the column. In the procedure for isolation of WRP from the stem homogenates by ultracentrifugation and chromatography on Ultrogel columns, the WRP are eluted from the column in the void volume. Figure 6 is a photograph of the gel from the SDS-PAGE of the protein in fractions 72 to 85 from Figure 5 . The major component in lanes 2 and 3 of the SDS-PAGE gels is a polypeptide with a mol wt of Figures 9 and 10 show the polymerization reaction is linear with time and protein concentration and Figure 11 shows the chromatography of the radioactive polymer synthesized by the Chaps solubilized rubber transferase at saturating concentrations of DMAPP, IPP, and Mg2". The peak mol wt of the '4C-rubber polymer increases from 2.5 x 1O0 in 30 min to 1 x I10 in 180 min.
DISCUSSION
The work in this paper is a further characterization of the rubber transferase in WRP isolated from homogenates of guayule stems. This enzyme catalyzes the formation of a high mol wt rubber polymer from a DMAPP initiator and IPP monomer and is similar to the previously described rubber transferase in WRP from Hevea latex (7) (8) (9) . The in vitro (2) and dolichyl phosphate synthase (1) in requiring detergents for solubilization and in requiring allylic-PP initiators for the polymerization reaction. However, undecaprenyl pyrophosphate synthase and dolichyl phosphate synthase form C50-and C55-PP and C80-and C95-P products in comparison to solubilized rubber transferase which forms C150 to C15,000 rubber chains.
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